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ABSTRACT 
Trypanosomes and the diseases they cause in man and animals are still 
ijnportant problems in Africa today. Pentamidine, an aromatic diamidine, is 
one of the drugs presently used in the chemotherapy and chemoprophylaxis in 
the try: 
A specific transport s^’stem for the uptake of this drug by trypanosomes 
has been described using radioactive tracers, kinetic analysis of -uptake 
and cell fractionation. Crug -uptake -^■.-'as studied by ra-pid centrifugation 
of organisms fro-n exposing solutions through silicone into a solution of 
perchloric acid (PCA.) . This technique separates cells from extracellular 
drug and localizes intracellular drug in the PCA soluble fraction. Intra- 
3 
cellular accumulation of [ Hj-pentamidine Try-panosoma brucei follo-t<7S 
Michelis Menten kinetics. 
Since trypanosomes live in the blood plasma of their hosts, it was 
i-mportant to determine whether serum proteins affect pentamidine uptake. 
In the present study It vas determined that ■5^-’hoIe ser-um and iiL-munoglobulins 
(IgM, IgG^ , IgG.^) inhibit pentamidine transport. Inhibition of pentamidine 
uptake Mas dependent on the concentration present in the exposing solution. 
Kinetic studies revealed that ser-um p?-oteins do not chanae K values for 
m 
pentamidine -uptake. Plo-sc'ever. IgM and probably-' the other imm-u-noglobulin 
classes reduce V values. The ki-netics of u-otake of -Dentamidine -was 
max 
studied i-U the presence of IgM. The levels of all immunoglobulins, 
especially IgM, increase in man and co?aestic animals wj-sen the-y are in¬ 
fected with African trypanosomes. 
Uptake of labeled drug by try-p'anosernes was studied in an intact 
rat and a rat injected with IgM. In vitro studies suggested that increased 
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levels of circulating IgM -would reduce drug uptake and therefore reduce 
tr\^panocidal activity'’ of pentamidine. Although in vivo studies did not 
necessarily support this conclusion, there is reason to speculate that 
pentamidine as an effective transport substrate is reduced by host immuno 
globulins. 
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CH.4PTER I 
Introduction 
African sleeping sickness of man and nagana of cattle are caused by a 
group of closely related genetic variants of Trypanosoma (Trypanozoon) brucei 
Plimmer and Bradford, 1899 (Hoare, 1972). These parasites undei'go striking 
morphological changes and antigenic variation during their life cycle. They 
are transmitted to mammalian hosts b77 several speci-es of Glosslna (tsetse 
flies) during the vector's blood meal. These flies are confined to tropical 
Africa between 15 and 30° S. Approximately 4.5 million square miles of sub- 
saharan Africa, much of it with agricultural potential, are interdicted by 
the presence of these flies (Minter, 1972). 
There are two forms of human trypanosomiases; acute (rhodesian) and 
chronic (gambian). Following the bite of an infected tsetse, a local 
reaction called a furnicle develops followed by regional lyanphadenitis which 
lasts one to two weeks. The organisms invade the bloodstream and other tissues. 
In the chronic form of the disease they also invade the central nervous sys¬ 
tem (ChS) (Plorde, 1973). 
CHS involvement produces the characteristic appeara.nce of indifference, 
apathy, drowsiness and confusion. Focal neurological signs are usually absent, 
but loss of sphincter control and loss of coordination frequently occur. 
During this stage of the disease, intercurrent infections are common and 
often a major cause of death. Complications of the more acute form of the 
disease are serous effusion and a pericarditis. Death may occur before CHS 
involvement (Eutt, Wilke, 1972). 
The desirable goal of complete vector eradication shows limiited promise 
for the near future. Though the number of flies have been reduced and in 
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most places the disease is less feared for the moment, the flies still thrive 
in grasslands and forests and river courses, and the organisms they pass still 
kill thousands of animals and people each year. Danger yet exists (licKelvey, 
1973). Therefore, chemoprophylaxis and chemotherapy are critical in the con¬ 
trol of these diseases. Striking to the interested observer is the limited 
chemotherapeutic armamentarium for the treatment and or prophylaxis of tryp¬ 
anosome infections, and resistance has been reported against the few drugs that 
are available. 
Drug resistance and a freo^uently developed cross resistance have been 
observed by several investigators (Yorke, 1929; Fulton and Grant, 1955; and 
"Williamson, 1970). Chemotherapy at present is limited to drugs which lack 
selective toxicity for parasites over host cells (Williamson, 1962). These 
facts combined with a lack of knowledge about essential intracellular mechan¬ 
isms leaves a scientist without knowledge as to what reactions one should aim 
to block (Newton, 1975). Investigation of resistance is further complicated 
by the striking morphological and antigenic variation particular to this 
organism (Gray, 1965) . Ti'ie role of primar^'^ intracellular and extracellular 
binding mechanisms and their role in resistance is yet to be elucidated (New¬ 
ton, 1975). In addition, cpaestions concerning the role of the lipoprotein 
structure of the cell membrane and factors influencing drug permeation need 
to be solved. A postulated pinocytotic mechanism of uptake for certain drugs 
does exist (Wang, 1965; Peters, 1974). 
The use of pentamidine in the control and reduction of transmission rates 
of sleeping sickness is one of the best examples of practical application of 
long-term chemoprophylaxis (Weinman, 1968). The specific mechanism of action 
of pentamidine in trypanosome infections is 5"et to be determined. Pentamidine 
inhibits cell growth in Escherichia coli ^ (imos and Vollmayer, 1957), 
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Staphylococcus aureus (Gale and Folkes, 1967) and Leptoirionas (Goldberg et al^. , 
1974). It also inhibits DMA, R15A and protein synthesis in 6H^ HID ascites 
tumor cells (Bornstein and Yarbro, 1970) and aureus (Gale and Folkes, 1967) 
Hill and Hutner (1960) describe impaired araino acid accumulation in 
aureus and reduced oxygen consumption in Crithidia fasciculata when these 
organisms were exposed to pentamidine. 
Recently a pexitamidine transport system in brucei was characterized 
(Damper and Patton, 1976a; 1976b). The system is specific for the amidine 
moiety of the drug. It is concentrative and energy dependent. The kinetic 
parameters for drug transport and sensitiA7ity are altered in trypanosomes 
that are resistant to diamidines. In drug resistant strains and procyclics, 
drug uptake is reduced iri vitro. 
Preliminary studies show that whole serum and ijiimunoglobulins reduce 
the rate of drug uptake vitro while serum albumin stimulates uptake 
(Damper, 1975). However, the effect of serum and immunoglobulins on penta¬ 
midine transport was not characterized in kinetic texnns. Nevertheless, 
these findings ai'e especially relevant because animals and man infected 
with brucei subspecies present with encceptionally high serum levels of 
IgM and a corresponding decreased level of serum albumin (Desowitz, 1970). 
The major objecti-ve of this investigation was to determine if serum 
proteins affect kinetic parameters for pentamidine transport in trypanosomes. 
, lijjrr, eufjur. et/^5>r30 ^v/kjclg 
111 
. ^ rUfIn^. •'»yi 
- 11 
M .1- f.o ■ ^ ' '' ^ ■ ■ ■ ■ if' n 9 f f‘<^ to‘'If3 
t * 
v ' ' 1 ■ ‘"j' r .1 ;w 1 'ft. CUif 
» * . i <! 1. • ,' . ; ►■.-'<> 1 •' >■ ■ ' rfi j V • ■> :•.- .. < ur.' aoMiuD 
•• ^: . tv..«o*i .; ®iH*»nuSiO 
-ib* 
' - ■' ' . ' Kli, r«, .,■; » 
.‘•:f}\‘:i , »r.•/f w^u^o-i^a'jsisn} 
' Ml j’ .Jill 11) ^(Ij xJr>lcno 
' . . : ^v' Tol aTS5-.ii«»tM*| 
K < 4fi li' 1< r 'ttidJ 
• - 11r_L l»i. i( > tf gtnb 
■ - ■>''■• :« V r 
*. > ij. iM J>->1 4ijyh l43 aia.3 'jf('i 
,TAqr.<3<I) 
- 4Mf jya^airaij i^atliiDi 
3;»oKi 
■ 1 f .T /fjiw 
* ■ Ti i $ Kr.( w 
’‘■ f ■>' 1 K : OiTr 
• , >J Jri )» • ? ■', J H 1 , fu r 
CliAPTER II 
Materials and Methods 
A. Organisms: 
A monoraorphic, highl^'^ virulent strain of Trypanosoiiia brucei was used 
in these studies. This strain 'was derived from the pleomorphic. K4TR0 
laboratory strain 110 after repeated syringe passages through rodents. ITnen 
this study was begun, the stabilate was in its 53rd rodent passage. 
B. Host Animals: 
I^. brucei readily infects rats. The doubling tiiDe of brucei in 
rats and mice is ap'proximately 8.5 hours. Female albino Sprague Daw7ley rats 
(The Charles River Breeding Laboratory, North Wilmington, Mass.) X'jere used 
as hosts. They were infected intraperitoneally (IP) and trypanosomes iv’ere 
isolated from their blood as described below'. This strain of rats '^-.'’as also 
used as source for normal serum and for in vivo e>:;periments. 
C. Collection and Preparation of Trj^panosomes: 
Rats were bled by cardiac puncture, and the blood t.''as defibrinated 
vTith glass beads. Trypanosomes -were separated from blood cells by differen¬ 
tial centrifugation for 15 minutes at 5° at 1000 x g (svjinging bucket, PRI 
International centrifuge) . The serum and buf fy^ coat containing the parasites 
were removed and pipetted into another centrif'uge tube. Rabbit anti-rat blood 
cell antibody was added to this cell suspension, and incubated for 15 minutes, 
at room temperature. The suspension of organisms was then repeatedly centri¬ 
fuged at 1000 X g, as above, in order to separate contaminating blood cells 
and platelets. Contamination was deterTiiined by microscopic e^^iaminaticn. 
Except for the 15 minute period t-shen rabbit and anti-rat blood cell antibody' 
was added, the try'pancsomes w-ere kept cold and in host serum throughout the 
-4- 
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isolation procedure. Ten yl of the suspension were diluted in a unopipette 
blood diluting pipette (Becton and Dickinson) and the parasites were counted 
in the iioproved Neubauer hemocytorneter. An aliquot of the parasite suspen¬ 
sion was centrifuged for one minute at 12,000 x g at 5° in a Sorvall Super¬ 
speed RC2B centrifuge iomediately before being used in uptake studies. The 
supernatant was discarded and the trypanosomes were resuspended in Hanks' 
balanced salt solution containing 100 mgZ (w/v) glucose (RBSS) and 50 mg% 
(w/v) albumin (HBSSA) so that the concentration of the trypanosomes V7as 2 x 
g 
10 per ml. ITnere appropriate, trypanosomes were resuspended in BBSS coii- 
taining wTiole serum or serum fractions. 
D. Serum Fractionation: 
All serum used in experiments w^as collected from rats with no history 
of tr^’^pancsomiasis. Serum was chromatographed on a Sephadex G-200 ascending 
column: bed volume = 350 ml; eluant was HESS without glucose, pH = 7.3. 
Each fraction was monitored at 280 nm in a Gilford 2400 Spectrophotometer. 
Fractions for each peak were pooled and concentrated in an Amicon ultra¬ 
filtration apparatus under 60 psi nitrogen, using a Diaflo PMIO ultrafil¬ 
tration membrane. The IgM, TgG^, IgG^, and albumin enriched fractions were 
used as additions in transport experiments. 
E. Protein Determinations: 
Protein determinations w-ere made using the m.ethod described by Lowrys 
et (1951). 
F. Transport Studies: 
All experiments were carried out at 37°. Solutions of HESS containing 
3 
two times the final concentration of [ Hj-pentamidine were thermally ec[ui- 
g 
librated in 37° H^O bath. A volume of washed try-panosomes (2 x 10 cells 
per ml) was pipetted into prewarmed 50 ml erlenmey^er flasks each of which 
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contained a 15 irmi stirring bar. The‘flask containing tiie organisms was 
3 
then incubated in a water bath for 45 secs. A volume of [ Hj-pentamidine 
solution equal to the volume of cell suspension was pipetted into the flasks 
and immediately mixed on a magnetic stirrer. An electric timer (Lab Chron 
3 
Timer, Labline Instruments, Inc.) was activated at the time [ H]-pentamidine 
was added. 
At intervals of 10-15 seconds the contents of the flask were mixed and 
250 yl of the suspension were removed with an Eppendorf A.utomatic pipette, 
and layered on top of 50 yl of silicone (G.E. versilube F 50; viscosity = 
75 centistokes, specific gravity = 1.05) which was layered over 100 yl of 
12% (v/v) perchloric acid (PCA) all contained in a 500 yl plastic microfuge 
tube (See Fig. 1 in appendix). The specific gravity of the PCA vas approx¬ 
imately 1.1. Organisms w^ere then spun from the radiolabeled exposing solu¬ 
tion through the discontinuous gradient into the PCA layer by centrifugation 
for 1 minute at 7,000 g in a Beckman 152 microfuge. ILhen the cells reach 
the PCA, they are lysed, their soluble contents are released, and the PCA 
precipitated material is pelleted. 
Ten yl of the cell free solution were taken from the layer above the 
silicone for radioactivity determination. Then the microfuge tube was cut - 
wnth a scalpel belo'w the silicone layer and 50 yl of the PCA soluble material 
was taken from the PCA layer. These samples were placed in 4 dram vials and 
scintanal^-zed in 4 ml of counting solution. The solution consisted of 1 gram 
bis-liSB [para-bis-(O-methylstyryl)-benzene] and 7 gram PPO (2,5, diphenyl 
oxazcle) dissolved in 340 ml of Triton X—100 and 600 ml of xylene. Samples 
were counted in a Beckman LS 250 liquid scintillation counter. 
G. Chemical Compound: 
3 
The [ K]-pentamidine used in this experiment was prepared from the free 
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base by New England Nuclear. The isolation, purification 
of chemical purity have been described previously (Damper 
and verification 
and Patton, 1976a). 
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CHAPTER III 
Results 
3 
Fart A. Characterization of [ H]-pentamidine transport by T. brucel in 
the presence of rat serum and serum fractions 
3 
1. [ H]-pentamidine uptake in the presence of vjhole rat serum 
In the follox^ing experiment whole serum was added to the transport 
r 3 
solution in order to determine if serum modifies [ H]-pentamidine transport 
in brucei. The external concentration of pentamidine in this experiment 
was 24 yM. As showm in Fig. 1 and Table I, as the concentration of serum 
is increased from 4 mg to 40 mg/ml, the rate of pentamidine transport by 
brucel is decreased (Fag. lA-E) . For each increase of 10 rng/ml of serum 
protein in the transport vessel, the rate decreases by 41.5 pmoles pentam- 
idine/min/1.25 x 10^ trypanosomes (Fig. IF). 
3 
2. rnl -pentam-idine uptake by T. brucei in the presence of various serum 
fractions 
Rat serum was chromatographed as described in Materials and Methods. 
Figure 2 shows the optical density of fractions read at 280 nra. The peaks 
represented on the graph correspond with the IgM, IgC^, IgG^ and albumin 
fractions of rat ser'um. 
The most enriched fractions representing each serum protein were com¬ 
bined and concentrated by ultrafiltration as described in Materials and 
Methods. In experiments 125 mg/ml of IgM, IgG^ and 18^2 reduced pentam¬ 
idine uptake in brucei, but kinetic constants were not determined for uptake 
5.n the presence of IgG. Drug uptake was most reduced in the presence of IgG2 
and least reduced in the presence of albumin (Fig. 3 and Table II). 
3 
3. Kinetics of [ H]-pentamidine uptake in the presence of albumin and IgM 
TTie effect of IgM on pentamidine transport was studied in more detail 
-8- 
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Fig. 1. Initial rates of pentamidine uptake by brucei in the presence 
of various concentrations of whole serum. Control (A), 4 mg 
protein/ml (B), 15 mg protein/ml (C), 24 mg protein/ml (D), 40 
mg protein/ml (E) . Figijre l.F represents rates of uptake from 
the above data plotted against mg serum protein in solution. 
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Table I 
Effect of Various Serum Concentrations on Initial rate of 
3 
Uptake in 3.5 yM [ H]-pentamidine 
Final serum protein concentration 
(mg protein/ml) 
Initial ra^e of uptake by 
1.25 X 10 trypanosomes 
cpm/min pmoles/min 
Control (HBSSA.) 
4 
15 
24 
1360 225 
1100 185 
960 160 
750 125 
460 75 40 
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Fig. 2. Chromatography of normal rat serum on an ascending Sephade:x G-200 
column. Three ml fractions were collected. Protein content was 
detected from light absorption at 230 nm. The IgM enriched frac¬ 
tion was eluted in the void column and is indicated by the first 
peak. IgG^ is indicated by the second peak and IgG^ by the third 
peak. The smaller peaks were not used in experiments. The last 
and highest peak represents albumin. Fractions 37 through 40 (IgM); 
45 through 47 (IgG^); 48 through 53 (IgG^); and 63 through 72 
(albumin) were used in transport studies. 
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because this iimnunoglobulin class is exceptionally elevated in tr^-panosome 
infections. In the following experiments K and V values were determined 
m max 
for pentamidine transport in the presence of IgM or albumin in order to see 
if inhibition of drug uptake in the presence of IgM was competitive or non¬ 
competitive. All rate constants were derived from initial rates of pent¬ 
amidine uptake (Fig. 4). 
3 
All rates of drug uptake in various concentrations of [ H]-pentamidine 
were reduced when 125 mg/ml of IgM vjere in the exposing solution (Fig. 5, 
Table III). As shown on a double reciprocal plot in Fig. 6, the intercept 
on the l/[PentJ axis is the same. Since the intercent is eaual to -1/K , 
ra 
the value for uptake is the same in the presence of albumin and IgM, but 
the V value is lower in the presence of IgM than in the presence of al- 
m.ax i o- 
bumin. In experiments repeated 3 times using 3 different trypanosome pop¬ 
ulations, K values differed (Table III). However, it should be noted that 
m 
values are the same within a given experiment in the presence of IgM. On 
the other hand, the V value within an experiment is consistently lower in 
max 
the presence of IgM than in the presence of albumin. Values were reduced by 
30-65%. 
3 
Part B. [ H]-pentamidine uptake in T. brucei in vivo 
The preceding experiments examined the effects of serum and serum frac¬ 
tions on drug transport vitro. The following experiments were designed 
to study interaction between drug uptake in tr3^panosomes and plasma proteins 
in vivo. A.ll blood samples were taken up in heparinized capillary tubes. 
3 
The uptake of [ Hj-pentamidine by rat blood cells, peritoneal exudate cells, 
and hepatic cells has been studied (Damper, 1975). The results show that 
uptake is concentration dependent and that the rate for uptake by exudate 
cells and hepatic cells is much less than is observed for the parasites. 
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Fig. 3. Initial rates of [ H]-pentamidine uptake by brucei in the presence 
of serum fractioiis enriched for IgM, IgG^, IgG^ and albumin. 
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Fig. 4. Initial rates of [ H]-pentaraidine uptake by bruc^i. '"‘t 12 pM 
(a), 6 ijM (b) and 3 pM (c) drug in the presence (• A ■) and 
absence (O A □) of IgM (125 rag protein/ml). 
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Fig. 5. A plot of rates pentamidine concentration in the presence (• ) 
and absence (0) of IgM (125 mg protein/ml). Final drug concen¬ 
trations were 0.061 yM, 0.125 yM, .250 yM, and 0.5 yM. 
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I 
V 
3 
Erythrocytes exclude the drug, thus the PCA soluble [ Hj-pent ajiii dine in the 
3 
in vivo studies probably represents [ H]-pentamidine taken up by trypanosomes. 
Little or no PCA soluble radioactivity is found in the absence of trypanosomes. 
3 
1. [ H]-pentamidine uptake by T. brucei in an intact rat 
3 
A curative dose of [ H]-pent am.id ine, 1 mg/kg, was injected I.P. into a 
215 g rat with a parasitemia of 7.0 x 10^ trypanosomes/cmm. Immediately 
following this, samples of tail blood were monitored over a period of 20 
hrs for red blood cell (RBC) count, parasitemia, and intra- and extra¬ 
cellular radioactivity. 
Fig. 7 shows that the RBC count fluctuates between 12.25 x 10 /cmm 
and 6.4 x 10^/crara. These fluctuations do not appear to form a trend, and 
may be due to periodic variations in the number of erythrocytes in peri¬ 
pheral circulation and observer error. Trypanosome counts also fluctuated 
3 
but with a do\-7nward trend. Within minutes following injection of [ H]- 
pentamidine, radioactivity was found in the blood plasma. After an initial 
rise, the level of radioactivity remained at approximately 156 cpm/0.01 yl 
of whole plasma. Total intracellular radioactivity rose and roughly corres¬ 
ponded with a precipitous drop in parasitemia by 5 hrs after introducing the 
drug. Five hours after the drug was injected, the highest intracellular 
3 5 
radioactivit}^ was 1.6 x 10 cpm/10 trypanosomes. 
3 
2. [ H]-pentamidine uptake by T. brucei in vivo in rat injected with IgN 
IgM inhibited uptake of pentamidine vitro. The following experi¬ 
ment examines vivo drug accumulation by T^. brucei in rats injected 
wmth IgM. A 200 g rat w"ith a parasitemia of 10 organisms/cram was in¬ 
jected I.P. with 1 m.l of HESS containing 125 mg of IgM. Immediately follow- 
3 
ing this, a curative dose of [ Hj-pentamidine was injected after which, 
samples of tail blood were taken over a period of 11 hours. 
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Fig. 6. A comparison of double reciprocal plots of initial rate of pent¬ 
amidine uptake at various concentrations in the presence of 1 ml 
of albumin (•) and 125 mg protein/ml of IgM (A). 
r 
. i ■• 
-:inx>«] lo fn.i:T'.(rl To eiotq CBao'fq.To^j s»X(Tupb 5o noaXt«<?««5 A .d 
{•u ; lo r'fiR^fco .q orf.J nX anoi3 6'j,inp.-jn6‘> gudHav Jn. aV*Jq« anlbim* 
.(A) id^J jo Im\pt'^'^o*rq §iff eSi bnfi {•) nJw/jrfifj lo 
9 
-24- 
»—1 
-u 
Q 
3 
O- 
:.3 
fD 
I.J 

K
in
e
ti
c
 
C
o
n
st
a
n
ts
 
fo
r 
P
e
n
ta
m
id
in
e
 
T
ra
n
s
p
o
rt
 
in
 
th
e
 
-25- 
0) 
a bo 
P M 
X! 
0) 
Pi 
mom 
vo m o 
(3 
> 
I—I 
O Q) 
J-l 4-1 
4-) Cfl 
d n 
o 
o 
o m 
m m 
bO 
M 
"d 
d d 
•H 
S 
d O 
1—1 
c 
c-i 
o 
dJ 
o 
d 
0) 
X 
0) 
d 
P4 
bfl 
M 
X 
rH 
•H 
X 
d) 
1-[ 
o 
e & t—^ 
6 
o o 
<f O o 
O o q 
rH m rH 
o CO 
o m 
o CnJ ON] 
O 
H J-) 
o 
O 
to 
i-H 
1—I 
CU 
U 
c 
‘H 
f=: 
O 
I—^ 
LO 
TN] 
!-1 
> 
Cu 
g 
O 
00 
r\i 
•<r lo 
iH CO 
Os) 
hr f-'i 
-26- 
Fig. 7'. Trypanosome levels ‘■9), RBC count i A, plasma associated radio¬ 
activity (A) and cell associated radioactivity (O) in a rat 
-3 
infected with brucei and injected IP with 1 mg of [ H]-penta- 
midine/Kg body wt. 
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Fig. 8 shows fluctuations in red cell number. There doesn't appear to 
be any trend. The parasite number decreased from 1.1 x lO^/cmm to zero in 
3 
11 hours within 1 hr after [ H]-pentamidine was injected. Extracellular 
radioactivity rapidly increased and leveled off at about 200 cpm/0.01 pi. 
This level of radioactivity was maintained for at least 6 hours. Intra- 
3 
cellular radioactivity rose to more than 4.5 x 10 cpm per million trypan¬ 
osomes within 2 hrs after the tritiated drug was injected. Parasitemia 
dropped during this period from 1.1 x 10^ trypanosomes/cmra do\<tn to 4 x 10^/ 
cmm. Three hours after the drug was injected, intracellular cpm decreased 
3 
and then increased for the next 2 hours to a peak of 5.1 x 10 cpm. After 
the intracellular radioactivity dropped, parasitemia leveled off at approx¬ 
imately 4 x 10^/cmm and then decreased to less than 2 x lO^/cmm. The de¬ 
crease in parasitemia was associated %vith a rise in intracellular radio¬ 
activity. Between 6 and 11 hours after introducing the drug, trypanosomes 
and intracellular radioactivity disappeared from the bloodstream. The 
highest intracellular radioactivity per trypanosome in the rat injected 
m-th IgM was about 1/3 the highest intracellular radioactivity of trypano¬ 
somes from the untreated rat. 
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CHAPTER IV 
Discussion 
Transport studies, especially those involving parasites and drugs, are 
complex. First of all, the studies necessitate removing the organisms from 
the host; in the present study trypanosomes were isolated free of all host 
cells and platelets. In addition, the transport substrate is cytocidal. 
Consequently, specific safeguards are essential. The safeguards used in 
these studies have been presented elsewhere (Damper and Patton, 1976a). 
3 
They include tests for chemical purity of the [ Hj-pentamidine used. To 
avoid artifacts due to cell deatK, the drug concentrations used for trans¬ 
port were below those concentrations which are i-mmediately trypanocidal. No 
detectable adverse effects by these concentrations were observed within the 
time periods that the organisms were studied. Trypanosomes were examined 
in each experim.ent by light microscopy for motility, immediately before 
incubation in the drug and after uptake studies. Wlien other physiological 
parameters were investigated, such as glucose and oxygen consumption, ex¬ 
ternal concentrations of pentamidine as high as 24 yM had no effect during 
a period of 1 hour (Damper, 1975). Therefore, the external concentrations 
of drug used for transport studies do not measurably affect the general 
viability of the parasites. 
The silicone sandwich technique for measuring uptake rapidly and 
quantitatively separates cells from the exposing solutions (Patton and 
3 
Balber, 1976). klien intracellular and extracellular [ Hj compound was 
monitored and analyzed using this technique of separation, the chemico- 
physical properties of the recovered tritiated compound were identical with 
pentamidine (Damper, 1975). Therefore, the drug is not metabolized and 
3 
intracellular radioactivity represents [ H]-pentamidine during the time 
-31- 
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period studied. 
Recent studies show that pentamidine is rapidly taken up by a substrate 
specific transport system. Proteins such as bovine serum albumin (BSA) 
fraction V enhance viability of trypanosomes. Thus when BSA is in the ex¬ 
posing solution, uptake rates are higher and more consistent. The aim of 
the present study was to determine if serum immunoglobulins alter pent¬ 
amidine transport in T^. brucei. Though protein free serum components had 
no effect on pentamidine uptake, whole serum inhibited the process (Damper, 
3 
1975). Inhibition of [ K]-pentamidine uptake is dependent on the con¬ 
centration of serum (Table I and Fig. 1). For each 10 mg/ml increase of 
whole serum in exposing solutions, there was a decrease of 41.5 pmole/min 
3 
in the rate of [ H]-pentamidine uptake. This demonstrates serum inhibition 
of uptake but does not indicate how inhibition is brought about. The two 
most likely explanations for this observation are: (1) whole serum inter¬ 
feres by binding to the transport site or (2) serum interferes by binding 
the drug. It is vjell documented that serum proteins are closely associated 
with surface proteins of trypanosomes (Desowitz, 1970; Vickerraan, 1974). 
This combination of serum proteins might somehow alter membrane architecture 
and change membrane permeability characteristics, but this has not been 
3 
demonstrated. It is more likely that serum binds [ H]-pentamidine and in 
this way reduces the effective, transportable concentration of pentamidine. 
In order to determine which serum proteins affect the kinetics of pentam¬ 
idine uptake, IgM, IgG^, IgG^ and albumin enriched serum fractions were 
added to transport solutions (Fig. 3, Table II). The results showed that 
3 
all of the immunoglobulins reduced [ Hj-pentamidine uptake (Table II). 
Although IgG^ gave the greatest inhibition, the effect of IgM on drug 
uptake was studied in more detail because of its clinical importance in 
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African trypanosomiasis. 
These results are consistent with a model in which the rate of accu¬ 
mulation of intracellular radioactive pentamidine is limited by a single 
saturable component in the plasma membrane of the parasite. Mien other 
diamidines, such as stilbamidine or propamidine, are used as competitive 
inhibitors of pentamidine uptake, characteristically apparent K values 
m 
for pentamidine uptake increase without a change in V values. The 
max 
observation argues for structural specificity in regards to pentamidine 
affinity for the transport site (Damper and Patton, 1976a). IgM does not 
change the value for pentamidine transport and this suggests that affinity 
between pentamidine and the saturable component is not altered by the addi¬ 
tion of IgM (Table III and Fig. 6). Therefore, IgM does not compete for some 
site in the membrane used for the translocation of pentamidine. 
3 
Nevertheless, consistently within experiments, initial rates of [ H]- 
pentamidine transport were reduced in the presence of serum and all of the 
immunoglobulins. Double -reciprocal plots of uptake data show that V values 
max 
are consistently lower in the presence of IgM than in HBSSA (Table III). It 
should be noted that V values varied between experiments. This variation 
max 
may be explained by, (a) a selective process among antigenic variants giving - 
rise to differences in drug response simultaneously with antibody resistance 
in the absence of previous contact with drugs (Cartrell, 1958; Gray, 1966; 
Solt3''s, 1957 , 1959); (b) effects due to parasitemia level at the time the 
parasites were harvested from the rat; and (c) effects that are related to 
the number of days postinfection before the trypanosomes were isolated ■' 
(Goldstein and Patton, 1976). None of these variables are controlled for 
in the present study. 
V values within experiments are reduced by 30-65% in the presence of 
max 
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IgM (Table III). Double reciprocal plots indicate that inhibition is of the 
non-competitive type. In the absence and presence of various concentrations 
of inhibiting substances, the plots differ in slope but do not share a common 
intercept on the 1/v axis. The intercept on the 1/v axis is greater in the 
presence of IgM than in its absence indicating that V is decreased in the 
max 
presence of IgM and is not restored by high substrate concentrations (Fig. 6). 
The most coirrmon kind of noncompetitive inhibition is that observed when 
reagents combine reversibly with -SH groups of cystein residues. Such resi¬ 
dues are thought to be essential for a variety of catalytic activities includ¬ 
ing pentamidine transport in trypanosomes (Patton and Damper, 1976a). How¬ 
ever, there is no evidence that blood serum proteins react with -SH groups 
of cystein residues in such a manner. 
It should be pointed out, however, that pentamidine is a potent inhibitor 
of the streptokinase (SK), dependent activities of human plasminogen and of 
the activation of bovine plasminogen by the SK-human plasmin activated com¬ 
plex (Geratz, 1973). Serum and immunoglobulins reduce the inhibition pro¬ 
cess. In the fibrinolytic assay of plasmin, the modifying effect of serum 
proteins is thought to be based on a time dependent interaction with the 
enzyme which presumably alters its susceptibility to inhibition by pentamidine 
(Geratz, 1973). This interpretation of plasma-pentamidine-plasminogen-inter¬ 
action does not help explain immunoglobulin inhibition of pentamidine trans¬ 
port in _T. brucei. Other studies indicate that pentamidine binds to immuno¬ 
globulins (see Appendix Fig. 2, Patton, unpublished data). 
In that study HESS solutions containing whole serum or serum fractions 
3 
were placed in dialysis tubes. These tubes were suspended in [ Hj-pentami¬ 
dine and the rate of radioactivity accumulation in the tubes were monitored.' ■ 
3 
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vere directly proportional to the concentration of serum protein in the 
3 
tubes. Accumulation of [ Hj-pentamidine was more rapid in tubes containing 
IgM, IgG^j IgG^, than in tubes containing albumin (Appendix Fig. 2). The 
3 
concentration of [ Hj-pentamidine within tubes which contained HESS and 
albumin did not exceed the external concentration of radioactive drug 
during 23 hrs. Dialysis tubes which contained whole serum or immunoglobulins 
all accumulated concentrations which exceeded external concentrations of 
3 
[ H]-pentamidine. These data support the conclusion that serum Immunoglobulins 
3 
bind [ H]-pentamidine. If this conclusion is valid, then the effective or 
unbound [pent]^ is reduced in the presence of serum proteins, and drug uptake 
by trypanosomes, which depends on external drug concentrations, is thereby 
reduced. This leads to reduced trypanocidal activity of the drug for T^. 
brucei in the presence of serum proteins. As shown in Figure 3 in the Appendix 
(Patton, unpublished data), organisms in the presence of a trypanocidal con¬ 
centration of pentamidine (200 yli) are killed at a rate of 10^ cells/min if 
suspended in HBSSA. Similar rates of cell death are observed when up to 5 mg 
of serum protein are in the solution. However, as serum concentrations are 
Increased up to 40 mg/ml, there is a corresponding decrease in cell death. 
Damper and Patton (1976b) have reported that the trypanocidal effect of 
pentamidine depends upon the parasite's ability to transport the drug. In 
that study, strains of trypanosomes with varying drug sensitivities were used. 
They found that the intracellular concentration of pentamidine at crisis in 
dose response studies of brucei was approximately 1.4 pM and the time it 
takes organisms to concentrate pentamidine to 1.4 yM is dependent on the ex¬ 
ternal concentration of the drug and the rate of uptake. The ability to 
transport the drug is directly related to drug effectiveness. In the present 
study one strain of T^. brucei was used, and its ability to transport the drug 
erf-; f,. ..r^hrtq mnin (v',t \ r%Ml3*ro{^«-xq .Tl3S4xkt>. 5*i»v 
' p ' '^' 
^,.f,Th.vU(on frt hlqf^'x xiiuni ,«tw • tif f 'la n«l Jii'irfaoA .«/.ffut 
vw,.' :(,:; .Jiti’? xfidmcftM ni narfj' .-.Ost ■, .^sC ,%! 
■ * . r' ** ' A J. 
§u.rb .j.'isQiLey ^tr no^ j(|i7Jri«3no3:; arf-^ lort' bib'alwcfiB 
(ifti .<£iic,(wruJ ra fv 4aMw CS: 
Jo bab**i"*K'.., 43t4s» sii/fo't b-'*3(*ifu.o.u.‘'»‘,>6 £Ia 
,'..rr fu'-jorgoMM^'a! «i.'7,-»a -J^id r*o f arO»'j md nn-jq/ja «■iB:b,„a*.tMfl' j 
3 - f*vU”>^(l-.. vW !>' 1 .bn^v ftf th.M ri btfid 
«„ il, 1„,4 , ji;T>*jjoi Hi/i.a :* ^,,fj rtjf 
fl 
et .Knot .K"! )fi-.-.,ff.,.> /kmii.ix-. fi < %f»aaq.T*U rf:.^lw ^ 
.T 3-1 ^ofL> /.fWooM-.r, . 1 b.v Ot Kf.fc.»f jfctvrj- .baaub-i;i 
a!.ri-<n/- f'- ^ pr t:«o..’ g,.. 1o -!%■:>-. *1 %rfi R} jaauyd 
( rbf .v-i>?-.q«p3 s )o i»i<,'’of'i ,i|, aj.r-ij^'4%,rr»fldwqiu/ .oo.lila'i) 
!i ‘O; 4o ar-.i ,1 3H .su* ly:;^:) ^un. 4/7.9^:/^ .nolle^Jnoi 
,v-ii <! 03 qu ni)f{w «:,v . .«fio s7k tf ifj tb Xb.'i If, a.iT.j' t infia,!;? «iJ ftob^rsqaiii* 
eooljHTju'-. .nor. »tH ol *,u> oUJOiq jpuia® io 
.41kh|. li^o „t f»«£.-^-. .of, Sft,£MrtO-.T#imuj. .p M' PiartJ 03 qo bi*a«^7:,ni 
-fooUn. rf.Mj>oo»qv^ j ...;;, uw , bn. .w. v| <(i4 .ei> uq33/.q -iQqmaa 
ftr .jj*nb 3lin|,j»73 01 YJtf'irrr a’ ;iV sirj . »foa£o{C,£. pp iH^q 
3Taw •oiJlv£ji«ci^A au-b 8f»£-<Tr.v pf,(„ .,..:qrvi3 >», «crl:t3j« jurfT 
wJ tJ-tiJ-aj! Ta Pnaq lo rn,.I jr.tr v.-i-mpi* p] .il j . i jni ^4 » jada Ljtiuo^ 
3x dmlT adj jcw ,T h:> waibu ia o«noqz*3„ o^ob 
-*i» aW.f n'r^ 3.3jb'm»q«b al Msf |V.£ o* 4,,.; ,,jj n3f»T3pi»««P03 r>J a((itJtn<»sT<j a^-jfaj 
O' '(jilMo ofTf* .vaa»V4 4qt» '.‘c, . ...1 a4j f.i.v, <^r.-»h «.< / lo r^i.ritTioroffoa lorn»*4 
3**«n.atq »di nl .jfiuvt01 fi3r.*«*f y£ J^■‘9 fJtb »t 8'^^^ *'*^1 3iQnj«n*33 
.  ■^'JOq.Siffr.U UJ ^4trJ,j 7)1 -la 0-t»»3j.4 .OfiO \:b*/ja., 
-36- 
is apparently inhibited In the presence of serum immunoglobulins which were 
not specific for trypanosomes. All of these findings may have clinical 
implications and be specially , related to field observation of drug resistant 
infections. Elevated IgM is an early feature of ^rj^ce^-sub group trypanosome 
infections. In human trypanosomiasis the IgM level may rise to four times 
the normal level (Desowitz, 1970). This elevated level of IgM is detectable 
in some patients before the onset of symptomatic disease. Following chemo¬ 
therapy or spontaneous remission, IgM levels return to normal (Matter et al., 
1961). In general, sera from man and animals infected V7ith African trypano¬ 
somes show a relative decline in albumin and an increase in gamma globulin 
(Desowitz, 1970). In the human and primate infection with gambiense 
there is an uncharacterized extra component between the beta and gamma globu¬ 
lins (Gall, 1956). In contrast, the fulminating disease in rodents infected 
with African trypanosomes is characterized by lower gamma globulins and alpha 
globulin levels. These animals show almost no resistance to brucei. 
Therefore, rats were used in an attempt to confii'm and better interpret the 
results obtained in vitro with pentamidine and blood serum proteins. These 
studies were not, in the strictest sense, transport studies but rather they 
were studies to see if accumulation of pentamidine by T^. brucei is altered by* 
host serum proteins iui vivo. 
Since circulating ser'om proteins were not measured and so few animals 
were used, the studies are not definitive and are difficult to interpret. 
They do suggest that such studies in rodents are possible and that questions 
about host interactions in the chemotherapy of trypanosomiasis using penta¬ 
midine can be asked. The study shows that intracellular radioactive drug 
can be monitored. In the iri vivo experiments, intracellular drug concentration 
increased with time until a critical concentration w^as reached; at which time 
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parasiteraia levels dropped precipitously (Figs. 7 and 8). It was hoped‘that 
these preliminary studies would show that increased levels of circulating 
immunoglobulins prolonged the period between treatment and elimination of 
parasites. Such results would be predicted from the data obtained from in 
vitro studies. However, the data from 2 experiments are too few. Certainly 
further studies are indicated before any conclusions can be drawn concerning 
interactions betvjeen drug and host serum proteins and trypanosomes in_ vivo. 
3 
Transport parameters for [ Hj-pentamidine have been examined for speci¬ 
fics of inhibition of uptake by serum proteins. Evidence is presented that 
3 
[ H]-pentamidine transport is inhibited in the presence of whole serum. The 
kinetics of pentamidine transport in IgM containing solutions show that in¬ 
hibition is noncompetitive. Since effectiveness of pentamidine as a trypano¬ 
cidal agent is dependent first of all on its ability to permeate the cell 
membrane, serum immunoglobulins by reducing the rate of drug uptake, inhibit 
the trypanocidal action of pentamidine ini vitro. In vitro experiments 
might suggest that similar interactions occur in the host. Pentamidine 
is sequestered by host tissues (Fulton and Mathew, 1959; Launoy and Jonchere, 
1960), and there is cause to speculate that it is reduced as an effective 
transport substrate by host immunoglobulins. This situation is very likely 
enhanced in trypanosome infections in man and animals where increased levels 
of immunoglobulins and decreased levels of albumin are observed. 
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APPENDIX 
3 
Discontinuous gradient system, and studies on the binding of [ Hj 
pentamidine to serum proteins and the sparing effect of serum on the 
trypanocidal activity of pentamidine. 
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Fig. 1. Schematic representation of the microfug'e tubes used in transport 
studies before and after centrifugation. (After Patton, C. and 
Balber, A. 1976. J. Protozoology, in press.) 
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Fig. 2. Accumulation of [ Hj-pentamidine (Sp. Ac. = 100 dpin/pmo.le) in 
dialysis tubes containing 1 ml of various concentrations of whole 
sei'um and serum fractions. For assaying accumulation ] ml of 
serum solution or fraction was pipetted into 10 cm long tubes 
sealed at one end with a polyethylene stopper and gasket. Tubes 
had been previously boiled in 1.0% (w/v) Na^CO^, double distilled 
water, O.OOll'l EDTA, and finally, double distilled water. Each 
tube containing serum or serum fractions was then suspended 
from a Lucite holder which vjas in turn attached to a motor that 
rotated the holder 180° clockwise and then 180° counterclockwise 
alternately. The tubes containing the samples were suspended in 
3 
0.526 pmolar [ Hj-pentamidine (Sp. Ac. = 100 dpm/pmole) in the 
cold (5 °) . 
A. Radioactivity at various time intervals in 50 pi of fluid in 
tubes containing 40 mg ( D ) , 20 mg ( (^ ) , 10 mg ( ■ ) , 5 mg ( • ) 
2.5 mg and 0 mg (^,0) of vdiole serum, in HESS. 
B. P..adioactivity at various time intervals in 50 pi of fluid in 
tubes containing HESSA ( O ), 3 mg of serum fractions enriched for 
IgM ( □ ), IgG^ ( A ), IgG^ ( A ) and albumin ( ) (Patton, C.L., 
published data). 
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Fig. 3 Sparing effect of whole serum on trypanosome death rate in the 
presence of 200 pM pentamida,ne (Patton, C.L., unpublished data). 
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